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ABSTRACT

Twenty-seven penstrations omuomﬂa from multicsgaton=
range dstonations wore rcade at ticss'Tr m 20 to 78 nirutes after
detonation and at altitudass ranging from 20,000 to 50,000 fest, Sixtesn
of tbese penstrations were earlier than 45 mimites and seven wore sarlier
than 30 minutes, .

Maxirmm radiation doss rates as high as 800 r/hr were encountered,
and several flights yieldsd total radiation doses to tbes crev of 15 r,
a3 measured by film badges, and 35 to 40 r, as maasured by instrucsnta-
tion more sensitive to low-ersrgy radiation,

It vas found that the averags rediation dose rate in tte mushroom
of the c¢loud from a 100-percent~fission-yisld detonation would bes

B = 1.0 x 105¢°27

Where: D = Average dose rate, r/hr,
¢t = Time after detonation, mimutes,

This relationship holds for times from 3 to 80 minutes after detonatlonm.

The average dose rate in the stem of the cloud from water—surface
bursts was found to be less than the dose rate in tke mushroom by a fac~
tor of fron five to ten, The radiation dose rate in ths cloud is inda~
pendent of yield, but is proportional to the ratio of fission yield to
total yield,

' In & high tropopause area, a flight through a cloud frcx a 100~
percent-fission~yleld multimegaton-range weapon in a high-psrfornance
alrcraft may be mads at 45,000 feet at a time of 20 minutes after deto~
nation, The average mission doss of this flight would be 25 r, At
30,000 feet, a penstration of the stem of the cloud may be mads as
early as 10 minutes after detonation with a radiation dose of the sams
mgnitude.

The dosage received on the return to base flight dus to contamina~

_ tion on thke aircraft (B-57B) was found to be about 15 percent of the

total mission dose for flights lasting about 50 minutes after the cloud
penetration,
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CHAPTER 1
INTRODUCTION

1,1 OBJECTIVE

The objective of this project was to measure the radiation dose and
dose rate one would experisnce in flying through the cloud resulting
from a megaton-rangs weapon and soms factors affecting persomrel safety
in the event of an cperational situation requiring flights through such
elouds,

Specific information was sought on the radiation dose rates inside
ths cloud, the total dose received in flying through such a cloud, the
total doss received on ths return flight after flying through the cloud,
and the conditions of flight insids the cloud,

This information is nseded by the operational corzands of the Air
Force in tbeir planning to insure the most-effective utilization, con-
sistent with crew safety, of aircraft in cloud areas,.

1.2 BACEGROUND AND THEORY

During Operation GHEENHOUSE the first significant data on garma dose
Tates within atomic clouds were collected, These are reported in Refer—
ence 1, The data were collected by drome aircraft flown through the
clouds from weapons ranging in yield and at timss of
from 3 to 25 minutes after detonation. [eference 1 shows average grrma
dose rates within the cloud to bs of the orders of 104 r/hr from 3 to
5 minutes after detonation and 350 r/hr at 20 minutes afier detoration.

Further msasurements of garma dose rates within atomic clouds were
made in Operation UPSEOT-RNOTHOLE and reported in Reference 2, [Dose-
rate-measuring instruments were mounted in parachute~borzs cenistsrs, azd
the dose-rate instruments previously used by the Naval Radiological
Defense Laboratory (NRDL) in Operation GREENHOUSE (Reference 1) were
mounted in QF-80 drone aircraft, Both the canisters and the QF-30's
passed through only the head, or mushroom, of the clouds resulting from
veozpons ranging in size. Dose rates of the ordsr of
10* r/br were measured from 2 to 6 minutes after detonmaticn,

A compilation of the GAEEZNHOUSE and UPSHOT-KNOTHOLZ average dose

rates as a function of time after detonation is presented graphically in

Reference 2, These points are also included in Figure 3.2 of this re-
port. The time after detonation for each point is the approximate time
after detonation at which ths airplans or canister entersd the cloud,
A least-square analysis of the data showed that the best-fit line had
the equation: '

n

oz o 0PY
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D = 1.31 x 105¢72°%0 (1.1)

Where: Average dose rate, r/br.

Tims after detonation, minutes.

<« Ol

Considsration of Reference 2 led to ths folloving gensralizations
Which were used as guides in the initial planaing of this projects (1)
The dose rate in the cloud is relatively indeperdant of yield, (2)
Within a factor of two, the average doss rate in a cloud is given by
Equation l.1.

The first manned penmetrations at early times after detonation
(17 to 41 minutes) were made during Operation TEAPOT, These penstratiomns
were made through clouds f{rom weapons ranging in yleld.

The average dose rate in the cloud as moasured during these penetrations
is shown graphically in Figure 3.2.

The gamma radiation dose rate within the atomic cloud resulting from
iloton-ranges weapons has recsived theoretical consideration in Refer—
ences 3, 4, 5, 6, and 7. The outstanding features of many of these cal-
culations are the very-high gamma dose rates predicted for very-early
times dus to small cloud size and high fission-product concentration.

BEST AVAILABLE COPY



CHAPTER 2
FROCEDURE

2,1 OFERATION

Five B~57B aircraft which were instruwented to measure gazma radia-
tion dose rate, integrated doss, and conditions of flight were flown
through the clouds resulting from tke datomtion* ranging
in yleld. .

On the day prior to a shot, all of ths instrumentation was checksd
for proper operation, installed in the aircraft, and readisd for use,
The flight crewvs were brisfed on the desired flight patterm, altitudes
and times of penetrations, and forecast development charactaristics of
the cloud, These characteristics included size, stabilization lsvels,
and drift,

A1l aircraft took off at predstermined times in order to permit
proper positioning at shot tims, After the shot was fired, the cloud
was surveyed visually by ths director in the lead aircraft, Positions
and times of penstration were then finalized. Penstrations were made
at intervals of from 4 to 10 ninutes and at varying altitudes, This
time spacing permitted some of the results of the first penetrations to
be used in planning the succeeding penetrations,

Two types of maneuver were utilized in the penetration phase., In
both cases the cloud was approached in straight and level flight, After
entering the visible cloud, the pilot either exmcuted a standard 180~
degres turn and mads his exit or continusd on a straight course through
the cloud, The type of mansuver to be employed was decided prior to the
penetration run, Howaver, the aircrews were briefed on emergency pro-
cedures which permitted changing from the straight-through to the 180~
degree-turn mansuver at their discretion if excessively high dose rates
were encountered, A dose rate two times greater than the predicted dose
rate was considered excessive, Upon exit from the cloud, the aircraft
returned to base and the records were removed immediately for analysis,

2,2 INSTRUMENTATION

The follo instruments and devices were used to obtain data for
this project: (1) KAEC Model M1432 automatic-recording radiation-rate
water (P-Mster); (2) Bioscel (1M-111 (XE-1)/UD) radiation-rate meter;
(3) Sigmatron radiation-integrating dosimster; (4) quartz-fiber dosim-
eters (Bendix Models 619 and 622) radiation integrating dosimeter; (5)
National Bureau of Standards (NBS) film packs radiation-integrating
dosimster; (6) Rad-Safe personnel film badge, radiation-integrating
dosimeter; (7) AN/PDR-39 (T1B) radiation-rate mster; (8) intervalometer;
and (9) photopanel, 13
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The last two are nmot radiac devices, btut are included in this sec~
tion for convenience of presentation. A description of each device is
given below, A1l radiation-measuring devices were calibrated at N3S
prior to the Operatign. They were recalibrated intermittently at tbe
test site using a Co 0 sourcs.

2,1 KAEC Model M1432 Auto—atic-Pecordinz Radiation-Rate Meter
(P-Meter). The P-Meter was designed and built by the West Coast Elsc-
tronics Laboratory of the Kaiser Aircralt and Zlectronics Corporation
at Palo Alto, California, under contract with ard according to specifi-
cations furnisted by adr Force Special wWsapons Center (AFSWC), Seven
complete assexblies were procured. The equipzant consisted of three
airborne compocents (probe, powsr supply, and compressor-amplifier=
recordsr unit) and one nonairborre co=porsnt (playtack unit). A block
diagram showing the relationship of tkess units constitutes Figure 2.1,

The entire airborns assexbly was mounted in the nose section of a
B~57B, The instruments were operated by the 28-volt aircraft power
supply. The wire recorder could be started zanually at any time during
the flight by means of a switch in the pilot's compartment, It could
also be started automatically by use of tte intervalomster setting,

Oncs turnsd on, it continued to record until tte recording wire was com=
pletely used (about 2 1/2 hours) or until ths power was turned off.

--------------- ; o

r
| Wire B Blocking l Gomma Power
L Recorder Oscillator 4] Scintillation Probe | _, 500, | SUPP!Y
==f—----- --=- B+I50V |
Automatic
Recorder Time Marker +150v & +28v 28v dc
"ON"Control A/C 28v A/C Supply
A/C 28v AIRBORNE UNIT
Bristot | integrating .. 4-Stage Wire
Chart [ Circuit =] Univibrator Amplifier Ployback
Recorder. Recorder

GROUND PLAYBACK UNIT

Figure 2,1 Block disgram of automatic recording radiatlion rate meter

- (P‘Pbtﬂr)o o e

: The probe was the sensing elerent and consisted of a Scintilon (trede

. paze used by National Radiasc Company) sphere, Dudont 6292 photo-multiplisr
tube, and a regulated voltage divider with temperature compensation., This
was housed in & 2 1/2-inch diazeter aluminum tube having a wall thickness
of 1/16 inch with an added 0,01 inch of tin outside the bemispherical end
that covered the Scintilon, The inside of this hemisphere was coated with

sinc sulfide in order to enhance low-ensrgy response 8o that satlsfactory
performance was obtained from 80 kev up to 1.3 Mev, :

VA
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The compressor-amplifier-recorder unit received curremt from (i.e.,
supplied electrons to) the probe., The intensity of this current varisd
linearly with the dose rate., This current is supplied by a cathode-~
biased low-mu triode (CK6152) and results in a logaritbmic variation of
the plate voltage of this tube, This plate voltage is connected to the
grid of a blocking oscillator (CK5703WA) through a high resistance. The
frequsncy of the blocking oscillator is thus mades to vary as the log-
arithm of the dose rate, and after amplification through another CK5703WA,
the output is impressed on the recording head of the wire recorder,

The power supply consisted of six 26A7-GT tubes connected in paral-
lsl s0 as to oscillate at about 1,000 cps when fed 28 volts from the
aircraft power supply. The output of the tubes is stepped up, rectified,
and regulated to result in +150 volts for B+ voltage in the compressor-
emplifisr—recorder and -1,000 volts for ths photomltiplier tube in the
probe,

The playback unit consisted of a playback recorder of the same type
as was used for taking data during penstrations., The frequency-modulated
cutput of the playback unit was amplified, pulse-shaped, and integrated.
This integrated, slowly varying direct current was then applied to the
input of a standard 12~-inch-strip chart recorder (Bristol Model 1892).

A logarithmic presentation of dose rates from 1 r/hr to 5,000 r/hr was

given on the chart, Calibration tests at NBS using Co®Q bave indicated
an overall read-out accuracy of + 20 percent over the range froz 1 r/hr
to 2,000 r/hr,

2,2,2 DBioscel Radiation-Rate Meter, The Bioscel was designed and
built by the Evans Signal Laboratory of the U, S. Army Signal Corps in
accordance with specifications furnished by the Air Force Special
Weapons Center (AFSWC), Type designation 1IM-111 (IE-1)/UD was obtaiped
through Army channels, Twenty of these units were procured, Two com
plete Bioscels were installed in each aircraft with the sensing elements
located directly bebhind the pilot's seat, Data obtained with one in-
strument were recorded by photographing a remote meter mounted in the
photopanel, The remote meter from the second instrument was placed in
the pilot's compartment, above and to the right of the instrument panel.
4As shown in Figure 2,2, the instrument consisted of an ion ckamber, an
amplifier, a control panel, a battery container, and an indicating meter
which presented rates from 1 r/hr to 2,000 r/hr, 4All of these compon-
ents, except the meter and its cabling, were contained in a cylindrical
alumimm housing 3 inches in diameter and 10 inches in length which had
a flange at the control pansl for mounting.

The ion cbamber and amplifier were potted together in the ion-
chamber-assembly module, The potting compound was an epoxy resin, yhich
gave an hermetically sealed unit. The unit passed tests for leakage at
=55°F and 0,1 psi. The ion-chamber volume was 85 cm”. The applied
sweep~out voltage was approximately 7 volts, This resulted in nonsat-
urated operation and produced & roughly logarithmic indication on the
meter, Calibration was obtained by varying this voltage between 6,3
and 8,8 volts, Zero adjustment was made before use (or calibration) by
adjustmsnt of coarse and fine rheostats in the cathods circuit, through
wvhich resistances a voltage drop was obtained to actuate the meter,

15
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The battery box is a separate module from the ion chamber assembly
module and was located in the end of the tubular alumimm housing
farthest from the control panel, It contained three BA-1318/U and one
1328/U batteries. These were sufficisnt to furnish continuous operation
for 200 hours,

2,2.3 Sigmatron Radiation Integrating Dosimeter, The Sigmatron
was tullt by the Research Directorate of AFSWC, Kirtland Air Foroe Base

(EAFB), and was based on a similar design used by los Alamos Scisntific
Laboratory (LASL) for a much-lower-range instrument, called the
"Integron.” Eighteen of these units were btuilt, The ion chamber which
wvas used was designed and built by NRDL %o meet specifications prepared
by AFSWC, The information furnishsd by the instrument is total gemma
dosage, with two ranges (25 r and 100 r full scals) availabls by chang-
ing an internal connection, Two Sigmatrons were used in each airplane,
mounted just behind the pilot, with a remote meter for each. Cne meter
was in the photopanel and the other was in the pilot's compartment, The
first prototyps of this instrument tested at NBS integrated total dosage
vith an accuracy of £ 20 psroent at energies higher than about 125 kev,
At 80 kev the loss in response vas only about 25 pesroent, Accurasy wvas
independent of rate up to 2,000 r/hr,

A hlock diagram of the Sigmatron is shown in Figure 2,3, The in-
strument opsrated as follows: The ion chamber had a sensitivity of l.1

| Control Zero -Bucking | dc Ammeter
Panel Current indicotor
by
; L dc Amplifier 1
|
: ) 1 Signal Current
Gamma |
Rodiation r}/\/\ lon Chomber :-—{-Ion Chamber Assembly Module
9 Ay prpap
=== _—— "
1
! Batteries :
I Le3-BAI13I8/U l..._---Banery Container Module
: I-BA1328/U| |
i |
! } }
| [
I Battery !
i Temperature [—=—28v dc A/C Supply
i Regulotor :
i
R S 4

Figure 2,2 Elock diagram of Bioscel radiation-rate meter,




x 107 amp/r/hr and insulation of more than 1013 ohms, The integrating
capacitors (0,3 and 1,3 microfarads) had a time constant of more than
3 days. These capacitors were in the electrometer circuit., The ion-
chamber current charged whichever capacitor was in use so as to reduce
the grid potential of a CK5886 electrometer tube and, hence, increase
the positive plate voltage of a CK526AX amplifier tute. This increased

plate voltage resulted in an increased cathode current in this tubs,
This increased cathode current raised the cathods potential and caused
a current to flov in the microcameter loop. It also resulted in negative
feedback in the input to the CK5886, since it tended to cancel out the
voltage produced by charging ths integrating capacitors, The negative
feedback had the beneficiel action of effectively multiplying the capac-
ity of the capicators without increasing the leakage; hence, the dynamic
range of the instrumsnt was extended without excéeding the straight-line
portion of the versus I, characteristic curve of the CK5886,

The three instruments just discussed (P-Mster, Bioscel, and
Sigmatron) all have a response time of less than 1 second for 100 percent
response,

lonization Chamber ‘—LElewromefer dc Amplifiij- Meter Circuit
| Feedback Circuit |

Figure 2,3 BHlock diagram of Signatron radiation-integrating dosimeter,

2,24, Other Dosimeters. The integrated gamma radiation dose during
cloud passags and on ths return flight was msasured by a number of stand-
ard integrating dosimeters. Each crew member carrisd psncil-type dosim-
eters and a Rad-Safe film tadge. Quartz-fiber dosimsters were mounted in
the cockpit to record the total dose received on the mission. The NBS
packs were placed in both the pilot's and observer's compartments. The
NES film packs were also mounted in the nose compartment for comparison
of the total dose received in the nose with that received in the cockpit,
This lalter comparison was necessary, because the P-Meter was mounted in
the r0se compartment while the sensing elements of all other instruments
were in the cockpit, o

The AN/FDR-39 (T1B) is a standard Air Force gama rate mster and was
used to follow the dscay rate in the pilot's and observer'!s positions
after completion of the flight. This study continued for 12 hours. In-
formation concerning this instrument can be obtained through Air Force
B\IPPly CMI’. R e

2:2.5 Intervalometer., The intervalometer, as its name implies,
was a device used to actuate the camera in the photopansl at selectabls
intervals, It was designed and built by the 4925th Test Group (Atomic)
at KAFB, One of theses instruments, along with the associated photopansl
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control box was mounted in each airplans., The intervalometer was placed
in tbe nose compartment, and the control btox was located to the right of
the pilot, .

p‘l'h. actuating signals to the camsra were fed through microavitches
actuated by two separate cams driven by a common motor, This arrange-
ment provided two speeds, "fast" (approximately 3 siguals per second)
and "slov® (approximately 3 signals per minute), Either could be select-
od manually by the pilot by means of a switch on the control box, Two
camsra speeds were required in order to economiss on film, yet obtain
rapid photographs in the radiation ocloud, In addition, there was a
third position marked "auto® whioch automatically changed thes speed from
"slow" to "fast® when the ambient radiation exceeded a given lsvel, us-~
ually set between 1 and 10 r/hr, This part of the oircuit is described
in the pext paragraph.

A dynamotor driven by the airplane'!s 28-volt power supply provided -
+150 volts d¢, which was converted to =700 volts dc by means of a multi-
vitrator, amplifier, and filter, This ~700 volts was connected to ground
through an Anton 5980/BS~2 Geiger-Muller tube and & l.2-megohm resistor,
A 0,0001-microfarad condenser connscted the junction of these two slemsnts
to the grid of a CK5814 tube and, in conjunction with the resistor, de-
termined the quench of the Geiger-Muller tube, As the radiation fisld
increased, the Geiger—-Muller tubs brokes down more often, sending negative
pulses through the condenser to a CK58l4 tubs, These pulses were ampli-
fisd and inverted in a subsequent stage and were fed through the coil of
a relay. When the repstition rate becams sufficiently great (at a rate
somevhat lower than the maximm allowed by the quench circuit), the
direct-current component of ths pulses becams sufficient to close the re-
lay, vhich in twrn closed a second relay vhich switched the interval con-
trol from "slov® to "fast,® When the radiation rate diminished suffici-
ently, the interval control reverted to "slov® sutomatically,

2:2,6 Photopansl, The camsra and photopanel located in the nose
of the airoraft were used to photograph the meters from the Sigmatron
and Bioscel, whose sensing elements were located in the cockpit, Also
installed in the photopensl were a clock, altimster, accelsromster, and
airspeed indicator, When correlated with ths radias instrument readings,
these gave a record of tims in cloud, altitude of penetration, and condi-
tions of flight within the oloud, The photopanel also contained a small
marksy light, This was controllsd by a toggle switch on the photopansl
control box, Using this light the pilot could mark the film at specific
times, such as cloud entry and exit,

The camsra used vas a Vought 16-mm recording camers loaded with 100 . ...

téot of Eastman Special Emilsion (SO 1112) film, This film is not fogged
by gamma doses of less than 500 r, Suitabls lighting was included to
provide the intense light required for this special film, The lights and

the camsra utilized the aircraft's 28-volt power supply.

2,3 [DESCRIPTION OF REQUIRED DATA
In order to satisfy the purposes of this project, accurate informa-

tion was required on the following parameters: (1) tims of penetration
18
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of the radicactive cloud; (2) total radiation dose on the flight; (3)
rediation dose sccumilated in transit of the radiosctive cloud; (4)
length of time required to fly through the cloud; (5) radiation dose ac-
cumulated on the flight back to base dus to contamination on the aircrafi;
(6) maximm dose rate in the radioactive cloud; (7) dose rate in tbe crev
compartment immediately after exit from the cloud dus to contamination
on the aircraft; (8) the rate of dscay of this contamination; and (9)
conditions of flight inside the radicactive cloud, i.e,, turbulence and
icing.

ingm of tbese data, except the last, were recorded automatically
with the instrumentation described in Section 2.2, The items of infor-
mation desired from each flight and the instruments which were used to
provide them are summarized in Tabls 2,1 Most of the information was
available directly from the installed instrumsntation, while soms addi-
tional information was obtained by indirect methods as indicated in Sec~
tions 2.3.1 through 2.3.9. It should be noted that these indirect
methods constituted, in every case, a duplicate msthod for obtaining a
check on the saxe data obtained by one or more direct measuremsnts,

In addition, the pilot (and observer when present) made obssrvations
during the flight on the following paramsters: ?1“) dimensions of the
cloud at various altitudss prior to penetration; (2) time and altitude of
penetration; (3) type of penmstration; (4) langth of time in the radio-
active cloud; (5) maximum dose rate in the cloud; (6) dose rate in the
cockpit on exit from the cloud dus tc contanination on the aircraft; (7)
accumulated dose in the cockpit at time of exit from the cloud; end (8)
degree of turbulence and icing noted during passage through the radio-
active cloud,

These observations were reported to the flight director in the air
and were transcribed from the pilot's and director's notes during the
post-flight debriefing, These observations by the pllot duplicate in-
formation recorded automatically by the instrumsntation in the aircraft
in all cases except icing conditions in the cloud,

2,3.1 Total Radiation Dose, The total radiation dose was msasured
directly by the Sigmatrons, quartz-fiber dosimsters, NBS film packs, and
Rad-Safe film badges, It was also obtained by integrating the area under
the dose-rate-versus-tims curves yislded by the P~Meter and the Bioscel
mounted in the photopanel,

2¢3s2 length of Time in Cloud, Ths pilot flashed tbe marker light
on the photopanel at the times which be considered to be his entry and
exit from the cloud, Tims in the visible cloud was then computed by
observation of the clock in the photopansl pictures, Times in the radia-
tion cloud was obtained from the P-Mster and Bioscel data., These two
instrumsnts provided curves of dose rate as a function of time, For
purpozes of this calculation, the entry and exit were considered to be
those timss at which the dose rate was 5 percent of the maximum rate
observed.

23,3 Radiation Dose in Cloud, The radiation dose received in the
cloud was mesasured by integration of the area under the P~Mster and
Bioscel curves bstween cloud entry and cloud exit. The Sigmatron in the
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photopansl also gave a direct indication of dose in the cloud, It re-
quired only that the meter bs observed in the £ilm frames where the
marker light occurred,

The NBC film packs gave an indirect measure of the dose in the
cloud, This was computed by subtracting the return flight dose which
was calculated from the T1B decay-Tate measurements from the total dose
indicated by the film packs,

2.3.4 Dose on Return Flight, The radiation dose on the return
flight vas measured directly by the P-Meter, Bioscel, and Sigmatron,
In each instance all that was necessary was to subtract the dose in the
cloud from the total dose, The difference was the dose received on the
return flight,

TABLE 2,1 SUMMARY OF SOURCES OF REQUIRED DATA

Data directly available is indicated by x;
ipdirectly avallabls is indicated by O.

be
Inforastion Desired a e
on Each Flight ; 3 ; z i 5 gi
“al¢
] 4 3 2
AEREAEHVHEHE
Total Radiation Dose z x z x z
Time in Clowd z z
Dose in Cloud x z x 0
Dose on Return Flight z x ]
Maxizmm Dose Rate 1in x x
Cloud
Average Dose Rats in x b 3 »]
Cloud
Dose Rate at Cloud Exit b z
Decay Rate on Retura b [+
Flight
Contaminstion Factor x 0 0

An indirect method of obtaining that portion of the rediation dose
received after exit from the cloud and during the return fiight was by
extrapolation of the decay-rate curve measured by the T1H after the
aircraft wvas on the ground back to cloud~exit time and integration of
the area under the curve from cloud-exit time to tims of landing.

2.3.5 Maximm Dose Rate in Cloud, The maximm dose rate in the
cloud was taken directly from the P-Meter and Bioscel curves, The pilot
also observed the maximm dose rate indicated by the Bioscel meter in
the cockpit. _

2.3,6 Average Dose Rate in Cloud, The average dose rats in the
cloud was calculated by dividing the dose received in ths cloud by the
tims in the cloud, Both of these were provided directly by the P-Meter,
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Bioscel, and Sigmatron. Since the dose in the cloud was obtained indi-
rectly from the NBS film packs, these are also an indirect source for
the average dose rate in the cloud,

2,3.7 Dose Rate at Cloud Exit, The dose rate at cloud exit dus to
contanination on the aircraft was taken directly from the P-Meter and
Bioscel curves, It was also derived by extrapolation of the decay-rate
curve from the T1B decay measuremsnts,

2,32 Decay Rate on PFaturm Flight, The decay rate of the contam-
ination during the return flight was obtained directly from the P-Meter
curves, It was also obtained by extrapola.tion of the decay rate curve
from the T1B measurements,

2.3.9 Contamination Factor. The contazination facter is expressed
in percent per minute in the cloud and is defined as:

Dose rate in cockpit at cloud exit
(Average dose rate in cloud)(Minutes in cloud)

x 100 (2,1)

It is a msasure of the degree to which this type of aircraft (B-57B) be-
comes contaminated by flight through the cloud as reflected by the
radiation dose rate in the crew compartment after exit from the cloud,
It is significant in predicting that portion of ths total dose which is
derived from contaminaticn on the aircraft during the flight back to
base, It is calculated directly from data recordsd by the P~lester.

The contamination factor was computed also using the dose rate at
cloud exit as derived from T1E measurements and the average dose rate in’
the cloud indicated by the NBS film packs,

2., MASTER DATA SHEET

The large mass of data was summarized on a master data skeet, Cme
of these sheets was filled out for each penetration flight, A typical
sheet is shown in Appendix A,

Soms additional data on radiation dose rates in the cloud at times
later than 1 bour after detonation were obtained through the courtesy of - -
the Test Aircraft Unit, These data were collected during the cloud-
sampling operations of this unit,
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ths mushroom of the cloud,

CHAPIER 3
RESULTS AND DISCUSSION .

’

Twenty—-seven penet mads through the clouds resulting
from the detonatio ing in total yleld.
These pene were mals at times of from 20 to 78 minutes

after dstonation, The indicated altitudss of penstration varied gepar~
ally from 30,000 fest to 50,000 feet, with ons pepetration bteing made at
20,000 feet, Fenstrations were mads through clouds from land-surface,
water-surface, and air detonations,

Maximm dose rates as high as 800 r/hr were encountered in soms of
the early penetrations, and several flights yielded total radiation doses
to the crew of 15 r, as measured by film badges, and 35 to 40 T, as
measured by instruzentation wore sensitive to soft gamma radiation than
the f£ilm dosimaters, On other flights, ths whols-body radiation dose as
msasured by Rad-Safe film badges was as low as 100 mr, The dosage auth-
orized by the Surgecn Gensral of ths Air Force and the Commander of
Joint Task Force Seven for the aircrews on this project was 50 r, with a
limiting planning dosage of 25 r for any singls penstration. No pens-
trations were mads in which the maxirnm dose to be expected, as msas-
ured by Rad=Safe film badges, would exceed 25 r,

The experimsntal plan proved to be satisfastory, and data to satis-
Ly the objectives of this project were obtained, The data are presented
in Tadls 3,1 The sections which follow discuss ths results as they
appear in ths table,

3.1 TDE AND ALTITULE QF PENETRATION

The timas of penetration varied as indicated above, The first pens-
tration on each shot was through the stem of the cloud, Succeeding
penstrations were at higher altitudes through the intermsdiate zons be-
twesn the stem and mushroom or through ths mushroom, All penstrations
below 40,000 feet were considered to be penstrations of the stem, Fen-
etrations between 40,000 and 45,000 feet were intarmediary between the
stem and mushroom, Penstrations above 45,000 feet were in general through

3,2 1ENGTH OF TDE IN TEE RADIOACTIVE CLOUD

The length of time in the cloud recordsd in Table 3,1 represents
- the period of time from the moment the radiation intensity reached a
valus of 5 percent of the maximum intensity noted in the cloud until
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the intensity subsequently diminished to this 5 percent valus, In
penstrations of the stem or mushroom, this time corresponds closely o
the tims in the visibls cloud reported by tbe pilot. However, in pen-
etrations just below the altituds of the mushroom, the length of time

in the radiation fisld was usually longer than that in ths visible

cloud by a factor comparabls to the time ths plane was beneath ihe over—
hanging mushroom but was not in the visible cloud. The lergth of tims

in the radiation field is used in Tabls 3.1, since the dimsnsions of the
radiation field are of greater interest in this report than ths dizsn~
sions of ths visihle cloud, The tims required to pase through ibs .
radiation cloud varied froz 1 minuts for stem penstrations to about 5
minutes for the mushroom penetrations of the clouds from tie higher-
yield detonations, More-detailed information on cloud size as a function
of time after dstonation, yield of detonation, and altituds are presented
in a later section of this report,

3.3 RADIATION DGSE RATES IN THE CLOUD

The maximm and averags radiation doss rates recordsd for each
penetration by the various instrursnts previously dsscribed are given
in Table 3.1. The maximm dose rate recorded on each flight through the
cloud was about twice the average doss rate recorded for thes total per-
iod in the cloud by tke sams instrucsnt, The average dose rates in ths
cloud recorded by the P-Meter and Bioscel were generally 100 percent and
15 percent, respectively, higher than that dsterminsd by film dosimatry.
This 43 dus to ths sensitivity of this elsctironic instrumentation to
low-energy gamma radiation to which the f£ilm is only minimslly respon-
sive. Since film dosi-etry is more widsly accepted as an indicator cf
whols-body radiation dosage, the £ilm data were used to give dose rates
or dosages in all figures and tahlss presented in this report, unless
otherwise specified,

A further study will be made to dstermine the exact responss of tre
various instruments to various ensrgies of gamma radiation in coxpari-
son to the response of the film to ths sams energies, Detallsd results
of this study will be included in the final (WT) report for this project,

Appendix B shows a typical plot of the dose rates in the cloud re-
corded by the P-Meter and Bioscel, together with data which ware ex-
tracted therefrom for presentation in Table 3,1,

~ The radiation dose rates observed in ths cloud were a function of
three primary factors: (1) the nature of the yield of the dstonstion,
1.0., the ratio of the fission yleld to the total ylsld; (2) the
altitude at which the penetration is mads with respsct o the pesition
or beight of the mushrocm; and (3) the length of tims after latonation
at wbich thes penstration is made,

3.3.1 Radiation Dose Rates in tke Cloud versus Nature of ths

" Yield, Since fission yisld is the primary contributor to rediocactivity

prevalling in the cloud, it 1s to be expected that tre dose rates noted
in the cloud would be proportional to the ratio of the fission yisld to
the total yisld, Thus, if two separate detonations of essantially thes
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3.4 RADIATION DOSES

The total gamma-radiation dose received on a penetration flight can
be troken down into two parts: the dose received in the cloud and the
dose received on the return flight., The return flight dose for the
B-57B was found to be approximately 15 percent of the total dose when
the return flight was of about 50 minutes duration. Section 2,3 of this
report explains the various direct and indirect methods used to measure
the dosage received by the crew, both in the cloud and on the return
flight, Data collected by these various methods is presented in
TABIE 3,1.

The maximm total dose received by any crew mamber during a pens-
tratios flight associated with this project was approximately 16 r, as
measured by film dosizetry. Doses as high as 40 r were recorded by
instrments more sensitive to soft gamma radiation than film dosimetry.

It is significant to note that tbe highest radiation doses received do
not correspoad to the earliest penetrations, The dose received in the
cloud is a function of the average dose rate in the cloud and the tirme
spent in the cloud, For each shot the first penetration usually was
made at the lowest altituds, and succeeding penetrations were mads at
higher altitudes,

This plan was followed so that in the event turbulence was en-
countered, it could be tolerated better at ths lower altitude, Thus
the earliest penetrations were made through the stem of the cloud,
Since the dose rate in the stem was lower than the dose rate in the

- mushroom at the same time after detonation and since the diameter of
the stem was a third to a half of that of the mushroom, lowsr dosages
wvere received by the crews who made the earlier penstrations of the ;
sten of the cloud than by those crews who made later penetrations of !
the mushroom, This was true for all shots. _ -

3,6 CONTAMINATION FACTOR

The oontamination factor was defined and discussed in Section
2,3,9, Valuas given in Tabls 3.1 are from computstions mads using eech

" Tof the methods of calculations which were descritad, The average con-
tamination factor for B-57B aircraft is 0.6 ¢ 0,2 percent per minute,
Both methods of calculation gave about the same valus, With a contaxm-
dnation factor of this magnituds, a return to base flight of several
hours duration after an early penstration of a radioactive cloud would
result in a radiation dose to the ocrew, during ths return flight, of
about 25 percent of the total dose, .

The contamination factor for any particular typs of aircraft is a
furction of the distance between the crew compartment and the residusal
contamination on the aircraft, In gensral, the engines are the mosi-
highly contaminated portion of the aircraft after flight through a redio-
active cloud, Project 2,8 of Opsration TEAFOT msasured contamination -
factors on several different types of aircraft and concludad the contam=
ipation factor to be higher for those aircraft where the crew compari-.
ment was close to the engine or engines, ’



3,9 EFFECTIVENESS OF INSTRUMENTATION

Not all of the instrumentation installed in the aircraft operated
satisfactorily on every flight, However, in no case did an aircraft
penetrate the cloud without sufficient instrumentation functioning pro-
perly to provide the necessary data to satisfy the objectives of this
project, Film methods were 100 percent successful in measuring the
total dose received by the aircrew on the mission, The photopanel func=
tioned on every penetration, with good pictures resulting from each in-
strumrent, On one penetration the pilot set the camera speed on the
"slow" position, resulting in one picture every 20 seconds while in the
cloud,instead of the desired rate of three pictures per second,

The automatic recording instruments were designed to measure radia-
tion rates up to 2,000 r/hr. On penstrations where the dose rates were
quite low, continuous data were not obtained on the return flight. In
these cases the total mission dose was always lsss than 2 r, The P-
Meter failed to function on only two of the flights, Thus satisfactory
operation of this instrument was obtained in more than 90 percent of the
flights, On the two occasions whers the P-Meter falled to function, the -
fault was in the method of installation and not in the instrument itself,

Some troubls was experienced with the Bioscel and Sigmatron, Both
of these instruments were battery powered, Even with frequent checks
of the battery voltages, satisfactory performance was obtained only
about 75 percent of the time, Zero drift was especially troublesome
in the Bioscel, lsading to poor results at low dose rates, The Sigma-
tron was designed to measure up to 25 r on the low range., Total dosages
smaller than 1 r were not reliably indicated by this instrument,

Film measurements were considered to be accurate to % 10 percent.
Measurements made with the T1B were considered accurate to + 10 percent.
The P-Meter, Biosscel, and Sigmatron were considered to give an accuracy
of t 20 percent, As mentioned in Section 3.3, the P-Meter gave read-
ings about a factor of two higher than film devices, GCreater sensitiv-
ity and response of the P-Mater to gamma radiation of low energies
appears %o be the reason for this discrepancy, On the average, the
Bioscel and Sigmatron read 15 psrcent and 25 percent higher respectively
than did the film dosimeters.

The flight instruments installsd in the photopansl functioned pro-
perly on each flight, Indicated altitudes wore considsred to be correct
to £ 500 feet, Times of penetration were accurate to the nearest minute,

The accelerometer installsd in the photopansl was not considered
to be reliable in giving indications of turbulence in flight. The max—
imm and minimum needles vibrated to the limit of their movement on
talmolf, Fhotographic records were available of the meter fluctuations
within the cloud but could not be correlated with the verbal reports of
the pilots concerning conditions of flight within the cloud,
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CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS

4Le1 CONCLUSIONS

Twenty-seven penetrations otmclouds from
multimegaton-yield detonations were a 8 ranging from 20 to 73
minutes after detonation and at altitudes ranging from 20,000 to 50,000
feet, Sixteen of these penetrations were earlier than 45 minutes alter
detonation, and seven were earlier than 30 minutes, All penetrations
made earlier than 45 minutes were bore-throughs in which the aircraft
completely traversed the cloud from one Side to the other at the pen-
etrating altitude, PFenetrations were made through clouds from air, land-~

- surface, and vater-surface detonations, Maximuu dose rates as high as
800 r/hr were encountered in soms of the early penetrations, and sev-
eral flights ylelded total radiation doses to the crew of 15 r (meas-
ured by film badges) and 35 to 40 r (measured by instrumentation more
sensitive to soft radiation).

Data collected on thess flights and in conjunction with past
studies of conditions prevailing within clouds from nuclear detonations
warrant a number of conclusions regarding the feasibility of flying
through such clouds at relatively early times after detonation:

The average and maximum external gamma-radiation dose rates in the
mushroom of the cloud from nuclear detonations are dependent on the
penstration time and the fission-to-total-yield ratio ol the detonation
and are indspendent of the yleld of the detonation, The average radia-
tion dose rate in the mushroom of the cloud from a 100-percent-fission-
yield detonation as a function of time from 3 to 80 minutes after deto-
nation is given by the equation:

B :1,0 x 105t 17 (41)
Where: D = Average doss rate, r/hr.
t = Time after detonatioa, minutes,

This average dose rate, D, may vary by as much as a factor of two for
any given penetration.

Beyond 1 bour after detonation, when the mushroom begins to be dis-
persed by the winds, a more-rapid decay of the radiation dose rate in

— .- . the cloud is noted in which the slope may be as greal as -3 or =4,

The radiation dose rate in the stem ben2ath the mushroom of
clouds from water—surface or air detonations is less by a factor of
five to ten than in the mushroom itself,
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In clouds froz detonations in which the fission yleld is less than
100 percent of the total yield, the radiation dose rate 1s reduced by a
factor proportional t- the ratio of the fission yleld to the total yleld.

The accumrilated radiation dose that one receives in transit through

. the cloud is a function of two primary factors: (1) the radiation dose
rate in the cloud (related to time after detonation, to ths ratio of the
fission yleld to the total yield, and to the ?ortion of the cloud through

. vhich transit is mads, i.e., Stem or mushroom;jand (2) the length of time
spent within the cloud as determined by the speed of the aircraft and
the horizontal dimension of the cloud at the altitude of penetration.

The diameters of the stem and mishroom increase somewhat with greater

1ds, '

Tie Considering all these factors, two generalizations, substantiated
by the penstrations actually flown, may be made; (1) with the tropo-
pause at 55,000 feat, ons zay fly through the cloud from any yield for
a 100-percent-fission weapon in a high-performancs aircraft at an alti-
tuds of 45,000 feet at 20 minutes aftar detopation for an expected ra-
diation dose of 25 r; (2) with the same height tropopause, one may fly
tkrough the cloud (stem) from any 100-percent-fission weapon at 30,000
feat as early as 10 minites after detonation for a radiation dose of
the same magnitudes, -

Moderate to severe bumpy turbulence was encountered in one of the
clouds penetrated at times of 22 to 40 minutes after detonation. Slight
to no turbulence was encountered in the othsr clouds penstirated during
a similar time range, Turbulence was not a problem in any of these pen-
etrations, and it was considered not likely to be a serious problem in
a penstration as early as 10 minutes after detonation,

Icing was encountered in soms of the penstrations, but caused no

. difficulty, except in the cese of two aircraft penetrating a cloud from
a water-surface detonation at the maximum altitude of 50,000 feet, This
icing forced the pilots of these aircraft to reduce power on the jet
engines in order to avoid overheating.

The contamination factor on the B-~57B aircraft, as defined herein,
averaged 0,6 £ 0,2 percent per minute in penetrations of clouds from
air, land-surface, and water-surface detonations, This factor enables
one to estimate that portion of the total dose received which is accrued
during the flight back to basa after exit from the radicactive cloud,

.In the penetrations made for this project, the return flight took about

50 minutes, and the come~home dose averaged about 15 percent of the T
total, On return flights of 2 to 3 bours duration in this aircraft the
come~homs dose would be no more than 25 percent of the total dose for

early pepetrations of tke cloud. T

4e2 RECOMMENDATIONS

. There are no recommendations at this tims,
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